Paleoenvironmental studies and according information (data) are abundantly published and available in the scientific record. However, GIS-based paleoenvironmental information and datasets are comparably rare. Here, we present an Open Science approach for creating GIS-based data and maps of paleoenvironments, and Open Access publishing them in a web based Spatial Data Infrastructure (SDI), for access by the archaeology and paleoenvironment communities. We introduce an approach to gather and create GIS datasets from published non-GIS based facts and information (data), such as analogous maps, textual information or figures in scientific publications. These collected and created geo-datasets and maps are then published, including a Digital Object Identifier (DOI) to facilitate scholarly reuse and citation of the data, in a web based Open Access Research Data Management Infrastructure. The geo-datasets are additionally published in an Open Geospatial Consortium (OGC) standards compliant SDI, and available for GIS integration via OGC Open Web Services (OWS).
INTRODUCTION
The presented project is developed in the frame of the interdisciplinary and inter-institutional Collaborative Research Centre 806 1 (CRC 806). Scientists from the Universities of Cologne, Bonn and Aachen are researching Culture-Environment interaction in the late Quaternary to answer questions about the complex nature of chronology, regional structure, climatic, environmental and socio-cultural contexts of major intercontinental and transcontinental events of dispersal of anatomically modern humans (AMH) from Africa to Western Eurasia, and particularly to Europe (Richter et al., 2012) . Within the Data Management and Data Services (Z2) sub-project of the CRC 806, the here presented approach is applied for providing GIS-based geo-data and maps, according to the given research questions, to the collaborating projects, and also via online publication to the wider research community. It is obvious, that the core of almost all research questions within this research setting is of spatio-temporal nature. Thus, maps of certain spatial regions displaying published scholarly knowledge of environments in different times are valuable information, that help to answer and solve some of the questions present in the project. Until now, the availability of paleoenvironmental information from reconstructions, simulations, or qualitative synthesis depicted on a map are most often not available in GIS data formats. These informations are mostly published in written text, tables, maps and figures of scientific publications. A quite notable amount of paleoenvironmental information is available in literature and also in analogue map publications. The main aim of our project is to make these existing informations available in GIS-based geo-data formats, and publish these geo-data for further use by archaeologists and paleoenvironment researchers. Thus, the resulting maps and GIS data sets of the here presented approach are finally published in the Spatial Data Infrastructure (SDI) of the CRC806-Database 2 (Willmes et al., 2014) , which is the web based Research Data Management (RDM) platform of the CRC 806. The CRC806-Database platform is implemented using Open Source software, and implements Open Science, Open Access and Open Data principles. The data published via the platform is by default assigned an open Creative Commons license (Friesike, 2014) , to implement Open Data, additionally the data is openly accessible, and by minting DOI's for datasets, the resources are also citeable to implement Open Science (Sitek and Bertelmann, 2014) . In the following, the tasks to acquire and produce the GIS data, the map production, and the Open Access publication of the dataset, are exercised by describing the process of producing a Last Glacial Maximum (LGM) paleoenvironment GIS dataset and a map, that is published via the CRC806-Database.
METHODS AND DATA ACQUISITION
The approach for collecting data mainly consists of digitalization of maps (scanning, georeferencing and digitizing), or GIS modeling from textual information, of published paleoenvironmental information, which are not yet available in GIS formats. Thus, the main focus of this paper is on the acquisition of qualitative and analogue paleoenvironmental information, and on producing GIS datasets representing these information. These gathered and created datasets are then combined with existing GIS datasets, in order to produce comprehensive paleoenvironment geo-dataset and maps. In the following of this section, some of these heterogeneous data sources are introduced.
Non-GIS data sources
A vast amount of information (data) in form of textual information or (non-GIS) maps exist in form of published records. To make this data available in GIS formats is one of the main foci of this work.
2.1.1 Published maps A lot of paleoenvironmental information is published in the form of maps, for example in large format printed educational maps, see fig. 1 , or as a figure in a research publication, in an atlas or other publications. If the map is available only in analogous form, i.e. as print, at first, the map has to be scanned. For this purpose large format scanners are available within the project. The next step is the digitalization of the map. If the map is from a publication, that is available in digital format, for example as a PDF, the map figures can be extracted and formatted to a Bitmap (PNG, JPG or Tiff). In some cases the resolution is scaled before the next step, to increase the quality of the map. Afterwards, the Bitmap is georeferenced using desktop GIS georeferencing functionalities. To be able to georeference a map successfully, it is important to identify spatial features in the paleo map, that are also existent on other GIS datasets (basemap). This can be sometimes a problem, if the map has no coordinates given at the map border or in form of a coordinate grid. Figure 1 Figure 1: An example scan of a DIN A1 "Palaeohydrography and Geology of the Murzuq Basin" map, published as supplemental map of (Pachur and Altmann, 2007) .
shows an example of an analogue map containing paleoenvironmental information. In this case it is a map of "Palaeohydrography and Geology of the Murzuq Basin" published in a Book (Pachur and Altmann, 2007) , as a large (DIN A1) appended foldable map. The underlying digital data is not published, this way of digitization, by first scanning the map in a large format (A0) scanner, then georeferencing and importing into a GIS as a template for digitizing, is the method to make the spatial features available in GIS format. Useful are also paleohydrographic information, such as the geometries of paleo-rivers and lakes. This kind of information is mostly only published within the literature. It is taken care of attributing and citing the original publications and sources from which the GIS data was digitized or gathered from, see sec. 4. for more details about how the original sources are attributed.
Alphanumerical information
The case of textual or alphanumeric information, as part of a scientific publication, as a source of paleoenvironment informations is more complicated. For example, if the information is available as a description of a glaciation extent (described as a line between place A and B) published without an according map, or the textual description of paleo lake levels, or coastlines according to a sea level. In these cases the geometries are digitized freely using the vector geometry editing capabilities of a GIS, or computed from topography / Bathymetry datasets according to sea level or lake level. This kind of data source is taken, if there are no maps or other datasets available with this information. Though, this alphanumeric information of a definite sea level can result in very acurate GIS information, by computing the according water body from a DEM of Bathymetry dataset. In many cases the information that are the basis for this production process, are actually a combination of non-GIS data in publications, definite numbers that can be used to derive an accurate GIS datasets, and free text descriptions of environmental features, where the geometries are then kind of drawn using GIS software package to produce an according GIS dataset. An example for the altter one, would be the assumed lake south of the skandinavian ice shield, shown in the map of figure 2.
Available GIS data
There are also data sources available in GIS formats, that can be directly used for the production of paleoenvironmental maps. Some of them are introduced in the following of this section.
Topography
The main ingredient of every base map is the topography. This information is typically provided in form of DEMs and Bathymetry data. For time-slices since the last glacial maximum (LGM, 21k yBP), we can assume that DEMs with resolutions >1 arc second are tolerable and sufficient for the creation of meso scale maps, because in most regions, geomorphic changes since the LGM are minor on this scale. This would of course not work for local scale maps, where anthropological as well as geomorphological changes would be visible, but can not be represented by the available recent data. Using combined DEM and Bathymetry data sets, like the GEBCO dataset (General Bathymetric Chart of the Oceans, 2014), allows to draw paleo coastlines dependent on the assumed sea level of a given timeslice. In the late Quaternary, the sea level varied over a range of more than 150m, and therefore considerable changes in coastal environments occurred, see figure 2 for example.
Figure 2: A map of the LGM paleoenvironment, including glaciation, climate classifications, inland waters and sea level adapted coastlines .
Paleoclimate
Another valuable source of paleoenvironmental GIS based data, are climate simulations. For example, the PaleoModel Intercomparison Project (PMIP) (Braconnot et al., 2007) , maintains climate simulations for the Mid-Holocene (6k yBP) and the Last Glacial Maximum (LGM) (21k yBP). From these data sets, around fifty climatic variables are modeled as continuous fields (raster data) covering the whole earth surface. From the variables for surface temperature and precipitation, a Köppen-Geiger classification can be computed (Willmes et al., 2016) , to provide GIS based paleoclimate zonal data. WorldClim (Hijmans et al., 2005) , is a further well known source for paleoclimate data in GIS format. Data for mid-Holocene (6k yBP), LGM (21k yBP) and last interglacial (LIG, 125k yBP), as temperature and precipitation variables, as well as BIOCLIM (Busby, 1991) classified continuous data, can be downloaded from the project's website 3 . The BIOME datasets provided by (Edwards et al., 2000) , represent paleoenvironmental Biomes, that are derived from actual observations, such as drill core and sediment analyses. There are more datasets like these published, but in many cases not openly accessible. It is also a goal of this project to help improve this situation. (Ehlers et al., 2011) published an extensive volume about Quaternary glaciations and inland waters, containing a world wide map of Quaternary, and prevalent LGM, glaciation extends, and further larger scale (smaller region) datasets containing glaciation extends and according inland water data like paleolakes and paleoriver geometries of different Quaternary periods. Data bases like the NOAA-World Data Center for Paleoclimatology 4 contain further datasets representing glaciation extends, paleo hydrology and in particular paleo lakes.
Glaciation extends and inland waters

GIS AND MAPS PRODUCTION
The data management process to handle the information about the heterogeneous data sources, the overall GIS production workflow, and the map production approach are summarized in this section.
Database and data management
Paleoenvironmental data sources are internally collected, organized, and spatio-temporally indexed in a Semantic MediaWiki (SMW) (Krötzsch et al., 2006) based database. A data integration concept ) was developed to integrate published archaeological and metadata of paleoenvironmental GIS data sets in one consistent data base, based on the Mediawiki User Interface (UI) for collaborative editing of content. This SMW based application allows the querying and filtering of all available data sources, and its visualization, for example as graphs, tables or as web maps (simple indication of locations only). Finally, its export into many data formats is possible from one consistent interface. The application allows to filter according to defined and custom time slices, as well as spatially by a defined region, coordinate bounding box, or via map extent. The GIS datasets are published in the CRC806-Database SDI (see section 4.) but its metadata and according links are also stored in the SMW based application, to help organize available data for the map and dataset production process.
Geo-data production
As introduced in section 2., the source data is acquired from heterogeneous data sources. This data gathering, integration and processing are the most laborious tasks of the production process. These tasks are not limited to the time demanding tasks of digitizing analogous maps, or creating geo-data from textual informations, it also includes data format conversions, for example from data formats of different domains, like for example NetCDF climate research data or plain coordinates in CSV files. Another 3 http://www.worldclim.org/paleo-climate 4 http://www.ncdc.noaa.gov/paleo/wdc-paleo.html case are GIS datasets, that are organized along different criteria, than those that are applied for data organization in this project. In these cases features of interest are reorganized, for example from one layer containing geometries of several time-slices into layers representing one time-slice each.
Maps production
Maps can be produced from GIS datasets that are available in our internal database for a given context. A context can be defined as a query on the database. For example a query searching for "All datasets in Europe for the time interval Alleröd", would yield all GIS datasets, that are within the defined BoundingBox of Europe, and that are temporally within the TimePeriod defined for the Alleröd interval (e.g. between 13.3k and 12.6k yBP). Additionally, the Topography and sea level for the given spatial and temporal context is produced, by deriving coastlines for the sea levels that are known for that context, as well as topography from datasets like GEBCO 2014 (General Bathymetric Chart of the Oceans, 2014) and SRTM (Jarvis et al., 2008; Farr et al., 2007) for example. By the use if the resulting GIS datasets, an additional qualitative selection according to the purpose of the map is eventually deducible. Finally, the map is crafted in common desktop GIS software packages like QGIS (QGIS Development Team, 2015) and ArcGIS (esri, 2015) .
PUBLICATION AND SDI
The produced GIS datasets and maps are finally published in the CRC806-Database (Willmes et al., , 2014 , in form of a downloadable data set, including DOI, and via Open Geospatial Consortium (OGC) web services in the Spatial Data Infrastructure (SDI) of the CRC806-Database. In the following of this section, the publication of an example dataset, the "LGM paleoenvironment of Europe -Map" , is described.
Copyright and Licensing
Data sources, as described in section 2., that are scholarly published, are properly cited and attributed in the according metadata documents (see section 4.3). We assume, that by publishing a dataset scholarly, the copyright is in accordance or comparable to a CC-BY or CC-BY-NC license, and thus allowed to re-use if properly cited. On a side note, if the copyright would be different, i.e. more restrictive in terms of re-use, from this assumption it could be questioned, if principles of good scientific practice are violated by this kind of publication.
GIS datasets that are produced in the course of this project are all explicitly published under CC-BY license. And thus fulfill the Open Data criteria, according to the Open Definition (OKFN, 2016) . The CRC806-Database also holds datasets under more restrictive licenses. These datasets are mostly primary research data published by members of the CRC 806 not in the course of this Open Data and Open Science approach sub-project of the CRC 806.
Dataset DOI publication
Geo-datasets and according maps are published including an Digital Object Identifier (DOI) minted via DOIDB 5 , the cooperation partner of the CRC 806 for issuing DOI's. A DOI is a name (not a location) for an entity on digital networks. It provides a system for persistent and actionable identification and interoperable exchange of managed information on digital networks (NISO, 2010) . This allows other researchers, who use the maps in their work to properly cite and reference the data in scholarly publications. Examples of paleoenvironmental GIS datasets, created with the here presented approach, and published in the CRC806-Database are Verheul et al. (2015) and the here further described dataset. The datasets and maps are published with an appended strictly formalized descriptive document (see fig. 3 ), containing the metadata and some contextual information, citation of the data sources, as well as advice on the further citation of the dataset. The metadata of the example dataset are explained in the following sub-sections.
Basic Metadata
The basic metadata, that are annotated to every published dataset:
Title
LGM 
Citation and attribution of sources
All publications, that are data sources and re-used for the presented new datasets are properly cited in the according dataset description document, as described in section 4.2 and shown in figure 3 . For the re-use of the derived dataset it is suggested, to cite the derived dataset, as well as the original sources, to guarantee proper credit and attribution for the creators of the data sources. Because the CRC806-Database DOI publications are not indexed by any renown publication index databases like Tompsons Reuters Web of Knowledge or Google Scholar, the proper citation as practiced in this approach does unfortunately not result in the due credits for the original data creators, in terms of impact measured by these citation indizes.
SDI open geospatial webservice publication
The GIS datasets are also published as OGC Open geospatial Web Service (OWS), to enable the networked integration of the data into client desktop GIS and WebGIS applications. webservices from the Desktop GIS into the CRC806-Database SDI is facilitated by using the OpenGeo GeoExplorer Plugin for QGIS (Boundless Inc., 2014) . This plugin allows a user friendly publication of GIS maps and datasets into the GeoNode, and thus Geoserver (GeoServer based SDI, by entering some few metadata information and some few mouse clicks from the GUI.
DISCUSSION
Published data, prepared and digitized into GIS formats for reuse, provide valuable contributions for the paleoenvironmental record, and for facilitating further research that is based on this new GIS data sources. Especially, the publication in GIS formats is helpful for data integration in different projects, because the spatial integration is already clear, as well as the data handling requirements. The produced maps can be used, for example, by researchers of the CRC 806 to contextualize archaeological sites and finds in their according paleoenvironments. Another aim is to consolidate available paleoenvironmental informations and make them accessible for computational research, for example in the context of niche modeling (Becker et al., 2016b) and GIS-based analyses as site catchments analysis (Becker et al., 2016a) for example. This work contributes to the ideas of Open Access, Open Data, and Open Science, by implementing these principles to enhance the ability and possibility of data reuse. In this realm of Open Data publishing, the SDI also has its role, to facilitate data sharing and interoperability via OGS OWS. As described in section 4.1, we believe that the re-use of published information is at the core of what science and good scientific practice is about, and thus now copyright issues insist in this presented approach. For the future, the main aim of the project is to produce and deliver data that helps the researchers within the CRC 806 projects, as well as the wider paleoenvironmental community. Furthermore, we are looking into implementing a process for peer-review of these datasets in the future. The idea is to implement Open Science peer-review, by documentation of all review requests, comments and according changes to the dataset. Informally this is already implemented, it is possible for anyone to submit comments to the dataset by email to the authors, but a formalization of this process is not yet implemented. The documentation of the review process, including reviewers names will be visible on the datasets website and the according metadata documents. This approach will help to improve the quality and thus credibility of the datasets, which possibly will have positive effects on the reuse of the open data produced by this project.
